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Abstract 
:LUHOHVVVHQVRUQHWZRUNUHIHUVWRDJURXSRIVSDWLDOO\DXWRQRPRXVVHQVRUVWRPRQLWRULQJDQGUHFRUGLQJWKHSK\VLFDOFRQGLWLRQVRI
WKHHQYLURQPHQWDQGRUJDQL]LQJ WKHFROOHFWHGGDWDDW D FHQWUDO ORFDWLRQ0:61VDUHPXFKPRUHYHUVDWLOH WKDQ VWDWLFZLUHOHVV
VHQVRU QHWZRUNV DV WKH\ FDQ EH GHSOR\HG LQ DQ\ VFHQDULR DQG FRSHZLWK UDSLGWRSRORJ\FKDQJHV 7KHPDLQ REMHFWLYH RI WKLV
UHVHDUFK SDSHU LV WR FRPSDUH HQHUJ\ HIILFLHQW EDVHG URXWLQJ SURWRFRO IRUPRELOH ZLUHOHVV VHQVRU QHWZRUN DQG VWDWLF ZLUHOHVV
VHQVRUQHWZRUNZKLFKZLOO WDNH LQWRDFFRXQWRI WKHHIILFLHQW FOXVWHULQJDORQJZLWK ORFDWLRQPDQDJHPHQW VFKHPHE\ZKLFK LWV
UHGXFH WKH UHFOXVWHULQJ GHOD\ DV ZHOO DV ORZHU WKH HQHUJ\ FRQVXPSWLRQ $V WKH QRGHV DUH PRELOH OLQN FRQQHFWLYLW\ LV DOVR
DGGUHVVHGDSSURSULDWHO\$OVRFRQVLGHURWKHUIDFWRUVVXFKDVYDULDEOHWLPHVORWVGXUDWLRQIRUQRGHVDWGLIIHUHQWFOXVWHU7KLVVWXG\
KDV HYDOXDWHG WKH FRPSDULVRQ RI PRELOH DQG VWDWLF ZLUHOHVV VHQVRU QHWZRUNV HQYLURQPHQW WDNLQJ LQWR FRQVLGHUDWLRQ DYHUDJH
HQHUJ\FRQVXPHGUHFOXVWHULQJGHOD\DQGQHWZRUNOLIHWLPH

.H\ZRUGV6WDWLFZLUHOHVVVHQVRUQHWZRUNPRELOHZLUHOHVVVHQVRUQHWZRUNPRELOLW\HQHUJ\FRQVXPSWLRQUHFOXVWHULQJGHOD\QHWZRUNOLIHWLPH

1. Introduction 

:LUHOHVVVHQVRUQHWZRUNUHIHUVWRDJURXSRIVSDWLDOO\GLVSHUVHGDQGGLVWULEXWHGDXWRQRPRXVVHQVRUVWRPRQLWRUWKH
SK\VLFDO FRQGLWLRQV RI WKH HQYLURQPHQW DQG RUJDQL]LQJ WKH GDWD DW DPDLQ ORFDWLRQ>@>@ $:61 FRQVLVWV RI D
QXPEHURIVHQVRUVZLWKVHQVLQJFRPSXWDWLRQFRPPXQLFDWLRQDQGORFRPRWLRQFDSDELOLW\7KHDSSOLFDWLRQVRI:61
LQFOXGHKHDOWKPRQLWRULQJEDWWOHILHOG VXUYHLOODQFH WUDIILFZLOGOLIHPRQLWRULQJDQGGLVDVWHU UHFRYHU\ >@>@:61
FDQEHFDWHJRUL]HGLQWRVWDWLFDQGPRELOHZLUHOHVVVHQVRUQHWZRUN0RELOHVHQVRUQHWZRUNVDUHVHQVRUQHWZRUNVLQ
ZKLFKVHQVRUQRGHVDUHPRELOH%DVLFGLIIHUHQFHEHWZHHQDPRELOHVHQVRUQHWZRUNDQGDVWDWLFVHQVRUQHWZRUN LV
KRZ LQIRUPDWLRQ LV GLVWULEXWHG RYHU WKH QHWZRUN ,Q VWDWLF QRGHV D QHZ WDVN RU GDWD FDQ EH IORRGHG DFURVV WKH
QHWZRUN LQ D YHU\ SUHGLFWDEOH ZD\ 8QGHU PRELOLW\ WKLV NLQG RI IORRGLQJ LV PRUH FRPSOH[ 7KH 6WDWLF ZLUHOHVV
6HQVRU1HWZRUNVKDVYDULRXVGUDZEDFNVVXFKDVOHVVHQHUJ\HIILFLHQWWKHVHQVRUQRGHVFDQQRWPRYHWRRWKHUSODFHV
EXW LQ 0RELOH 6HQVRU 1HWZRUNV WKH VHQVRU QRGH FDQ PRYH IUHHO\ >@ $OVR PRELOLW\ KHOSV LQ EHWWHU TXDOLW\ RI
FRPPXQLFDWLRQEHWZHHQVHQVRUQRGHV0:61VDUHPXFKPRUHYHUVDWLOHWKDQVWDWLFVHQVRUQHWZRUNVDVWKH\FDQEH
GHSOR\HG LQ DQ\ VFHQDULR DQG FRSHZLWK UDSLGWRSRORJ\FKDQJHV ,Q RXU SUHYLRXV SURSRVHGZRUNZH GHVLJQHG DQ
HQHUJ\HIILFLHQWEDVHSURWRFROFDOOHG((53IRUPRELOHZLUHOHVVVHQVRUQHWZRUN2YHUDOOWKHILQGLQJVVKRZWKDWWKH
(ICCC-2015)
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DYHUDJH HQHUJ\ FRQVXPHG RI VHQVRU QHWZRUNV XVLQJ ((53 GHFUHDVHV VLJQLILFDQWO\ ZKHQ WKH QXPEHU RI QRGHV
H[FHHGV  WKH UHFOXVWHULQJ GHOD\ ZLWK UHVSHFW WR QR RI QRGHV RI VHQVRU QHWZRUN XVLQJ ((53 GHFUHDVHV
VLJQLILFDQWO\ZKHQWKHQRRIQRGHVH[FHHGV((53UHGXFHVWKHUHFOXVWHULQJGHOD\DQGWKHQHWZRUNOLIHWLPHLV
VLJQLILFDQWO\ LQFUHDVHG DV WKHQXPEHU RI QRGHV LQ WKH QHWZRUN VL]H LQFUHDVHV IRUPRELOHZLUHOHVV VHQVRU QHWZRUN
HQYLURQPHQW7KHPDLQREMHFWLYHRI WKLV UHVHDUFKSDSHU LV WRFRPSDUHHQHUJ\HIILFLHQWEDVHG URXWLQJSURWRFRO IRU
PRELOHZLUHOHVVVHQVRUQHWZRUNDQGVWDWLFZLUHOHVVVHQVRUQHWZRUN
2. Design and Implementation 
1VLVDSRZHUIXOQHWZRUNVLPXODWRU>@ ,WSURYLGHVVXEVWDQWLDO VXSSRUWIRUVLPXODWLRQRI7&3URXWLQJPXOWLFDVW
SURWRFROVRYHUZLUHGDQGZLUHOHVVORFDODQGVDWHOOLWHQHWZRUNVHWF0DQQDVLPLVDWKLUGSDUW\WRROIRUVLPXODWLQJ
WKH:61QHWZRUNVZLWKFDUERQPRQR[LGHVHQVRUDQGVRPHRWKHUVHQVRUVHWF)RULPSOHPHQWDWLRQXVLQJIROORZLQJ
VLPXODWLRQWRROV

1VDOOLQRQH
0DQQDVLP±$VHQVRUQHWZRUNVLPXODWRUIRU16
12$+DVDURXWLQJSURWRFRO
(QHUJ\)HHGEDFNSDWFK

61$36+276LPXODWLRQRI6WDWLF:61E\YDU\LQJQXPEHURIQRGHV

6QDSVKRW6WDWLF616FHQDULRIRUQRGHV

6QDSVKRW6WDWLF616FHQDULRIRUQRGHV
6QDSVKRW6WDWLF616FHQDULRIRUQRGHV

6QDSVKRW6WDWLF616FHQDULRIRUQRGHV
6QDSVKRW6WDWLF616FHQDULRIRUQRGHV

6QDSVKRW6WDWLF616FHQDULRIRUQRGHV

61$36+276LPXODWLRQRI0RELOH:61E\YDU\LQJQXPEHURIQRGHV
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
6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV

6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV

6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV

6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV

6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV

6QDSVKRW'\QDPLF:616FHQDULRIRUQRGHV
3. Simulation setup and Result discussion 
([WHQVLYHVLPXODWLRQVZHUHFRQGXFWHGXVLQJ:616LPXODWRU7KHVLPXODWHGQHWZRUNFRQVLVWHGRIYDU\LQJQXPEHU
RIQRGHVUDQGRPO\VFDWWHUHGLQDPDUHDDWWKHEHJLQQLQJRIWKHVLPXODWLRQ7DEOHVKRZVWKHVLPXODWLRQ
SDUDPHWHU VHWWLQJ IRU WKHSURWRFROHYDOXDWLRQ7KHVHZHUHJHQHUDWHGXVLQJ WKH WRRO (QHUJ\B6BWFO VWDWLFZVQ
DQG(QHUJ\B'BWFOPRELOHZVQZLWKWKHIROORZLQJSDUDPHWHUV
7DEOH6LPXODWLRQ3DUDPHWHUV

)LJ VKRZV WKDW WKH DYHUDJH HQHUJ\ FRQVXPHG RI PRELOH ZLUHOHVV VHQVRU QHWZRUNV XVLQJ ((53 GHFUHDVHV
VLJQLILFDQWO\ZKHQ WKH QXPEHU RI QRGHV H[FHHGV ZKLOH VWDWLFZLUHOHVV VHQVRU QHWZRUN XVLQJ((53 FRQVXPHG
PRUHHQHUJ\ZKHQQXPEHURIQRGHVLQFUHDVHV
1XPEHU2I6HQVRU1RGHV 
$UHD6L]H 
5DGLR3URSDJDWLRQ0RGHO 7ZR5D\*URXQG
7UDQVPLW3RZHU :DWW
5HFHLYHU3RZHU :DWW
,GOH3RZHU -
,QLWLDO(QHUJ\ -
&RPPXQLFDWLRQ6\VWHP 0$&B
5RXWLQJ3URWRFROV 12$+
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
)LJ&RPSDULVRQRI$YHUDJH(QHUJ\FRQVXPHGYHUVXVQRRIQRGHV
EHWZHHQ6WDWLFDQG0RELOHZLUHOHVVVHQVRUQHWZRUN

)LJ &RPSDULVRQ RI 5H&OXVWHULQJ GHOD\ YHUVXV QXPEHU RI QRGHV
EHWZHHQ6WDWLFDQG0RELOHZLUHOHVVVHQVRUQHWZRUN
)LJVKRZV WKDW WKHUHFOXVWHULQJGHOD\ZLWKUHVSHFW WRQRRIPRELOHZLUHOHVVVHQVRUQHWZRUNDQGVWDWLFZLUHOHVV
VHQVRUQHWZRUNXVLQJ((53GHFUHDVHVVLJQLILFDQWO\ZKHQWKHQRRIQRGHVH[FHHGV((53HTXDOO\UHGXFHVWKHUH
FOXVWHULQJGHOD\LQERWKPRELOHZLUHOHVVVHQVRUQHWZRUNDQGVWDWLFZLUHOHVVVHQVRUQHWZRUNHQYLURQPHQW

)LJ&RPSDULVRQRI1HWZRUNOLIHWLPHYHUVXVQXPEHURIQRGHVEHWZHHQ6WDWLFDQG0RELOHZLUHOHVVVHQVRUQHWZRUN
)LJVKRZVWKHQHWZRUNOLIHWLPHDVDIXQFWLRQRIWKHQXPEHURIQRGHV/LIHWLPHGHFUHDVHVEHFDXVH:61KDYHWR
FRYHUPRUHQRGHVDVWKHQXPEHURIQRGHVLQWKHQHWZRUNVL]HLQFUHDVHV:HREVHUYHWKDWWKHLPSURYHPHQWDFKLHYHG
WKURXJK ((35+HQFH WKH QHWZRUN OLIHWLPH RIPRELOHZLUHOHVV VHQVRU QHWZRUN LV VLJQLILFDQWO\ LQFUHDVHG DV WKH
QXPEHU RI QRGHV LQ WKH QHWZRUN VL]H LQFUHDVHV ZKLOH WKH QHWZRUN OLIHWLPH RI VWDWLF ZLUHOHVV VHQVRU QHWZRUN LV
GHFUHDVHGDVWKHQXPEHURIQRGHVLQWKHQHWZRUNVL]HLQFUHDVHV
4. Conclusion and Future work
,Q RXU SUHYLRXV SURSRVHGZRUNZH GHVLJQHG DQ HQHUJ\ HIILFLHQW EDVH SURWRFRO FDOOHG ((53 IRUPRELOHZLUHOHVV
VHQVRU QHWZRUN 2YHUDOO WKH ILQGLQJV VKRZ WKDW WKH DYHUDJH HQHUJ\ FRQVXPHG RI VHQVRU QHWZRUNV XVLQJ ((53
GHFUHDVHVVLJQLILFDQWO\ZKHQWKHQXPEHURIQRGHVH[FHHGVWKHUHFOXVWHULQJGHOD\ZLWKUHVSHFWWRQRRIQRGHVRI
VHQVRU QHWZRUN XVLQJ ((53 GHFUHDVHV VLJQLILFDQWO\ ZKHQ WKH QR RI QRGHV H[FHHGV  ((53 UHGXFHV WKH UH
FOXVWHULQJ GHOD\ DQG WKH QHWZRUN OLIHWLPH LV VLJQLILFDQWO\ LQFUHDVHG DV WKH QXPEHU RI QRGHV LQ WKH QHWZRUN VL]H
LQFUHDVHVIRUPRELOHZLUHOHVVVHQVRUQHWZRUNHQYLURQPHQW7KHPDLQREMHFWLYHRIWKLVUHVHDUFKSDSHULVWRFRPSDUH
HQHUJ\HIILFLHQWEDVHGURXWLQJSURWRFROIRUPRELOHZLUHOHVVVHQVRUQHWZRUNDQGVWDWLFZLUHOHVVVHQVRUQHWZRUN7KH
DYHUDJHHQHUJ\FRQVXPHGRIPRELOHZLUHOHVVVHQVRUQHWZRUNVXVLQJ((53GHFUHDVHVVLJQLILFDQWO\ZKHQWKHQXPEHU
RIQRGHVLQFUHDVHVZKLOHVWDWLFZLUHOHVVVHQVRUQHWZRUNXVLQJ((53FRQVXPHGPRUHHQHUJ\ZKHQQXPEHURIQRGHV
LQFUHDVHV7KHUHFOXVWHULQJGHOD\ZLWKUHVSHFWWRQRRIPRELOHZLUHOHVVVHQVRUQHWZRUNDQGVWDWLFZLUHOHVVVHQVRU
QHWZRUN XVLQJ ((53 GHFUHDVHV VLJQLILFDQWO\ ZKHQ WKH QR RI QRGHV LQFUHDVHV ((53 HTXDOO\ UHGXFHV WKH UH
FOXVWHULQJ GHOD\ LQ ERWK PRELOH ZLUHOHVV VHQVRU QHWZRUN DQG VWDWLF ZLUHOHVV VHQVRU QHWZRUN HQYLURQPHQW 7KH
QHWZRUN OLIHWLPH RI PRELOH ZLUHOHVV VHQVRU QHWZRUN LV VLJQLILFDQWO\ LQFUHDVHG DV WKH QXPEHU RI QRGHV LQ WKH
QHWZRUNVL]HLQFUHDVHVZKLOHWKHQHWZRUNOLIHWLPHRIVWDWLFZLUHOHVVVHQVRUQHWZRUNLVGHFUHDVHGDVWKHQXPEHURI
QRGHV LQ WKHQHWZRUNVL]H LQFUHDVHV:H IXUWKHUH[WHQGRXUZRUNE\ UHPRYLQJ UHGXQGDQF\ IURPVLQNDQGFOXVWHU
KHDGWRLPSURYHWKHOLIHWLPHRIVHQVRUQRGHVDQGDOVRDSSO\LQJWKHDERYHSURSRVHGVFKHPHVWREHXVHGLQVRPHVRUW
RIVSHFLILFEHQFKPDUNVDSSOLFDWLRQVOLNHIRUHVWVHQVRUVPLOLWDU\VHQVRUVVHDVHQVRUVHWF
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